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The  effects  of  the  muscarinic  acetylcholine  receptor  antagonists,  azaprophen  (0.3-10.0  mg/kg),  scopolamine 
(0.01-3.0  mg/kg)  and  trihexyphenidyl  (0.3-10.0  mg/kg)  were  examined  in  rats  using  a  VI  18  s  schedule  of  food 
reinforcement,  before  and  after  chronic  physostigmine  administration.  All  three  compounds  produced  dose-dependent 
increases  in  the  rate  of  responding.  Scopolamine  was  more  potent  than  trihexyphenidyl  which  was  equipotent  to 
azaprophen.  All  three  compounds  antagonized  the  response  rate-decreasing  effects  of  physostigmine  in  a  dose-depen¬ 
dent  fashion.  Following  43  consecutive  daily  administrations  of  physostigmine  (0.4  mg/kg),  partial  tolerance 
developed  to  its  response  rate-decreasing  effects.  When  the  three  antagonists  were  again  examined  (alone  and  in 
combination  with  physostigmine),  their  effects  were  generally  unchanged.  These  results  further  characterize  the 
behavioral  effects  of  azaprophen,  scopolamine  and  trihexyphenidyl.  These  results  also  suggest  that  tolerance  to 
physostigmine’s  effects  can  be  mediated  through  behavioral  rather  than  pharmacological  mechanisms. 

Azaprophen;  Scopolamine;  Trihexyphenidyl;  Physostigmine:  Acetylcholine  receptors;  Tolerance 


1.  Introduction 

It  is  well  established  that  the  anticholinesterase 
agent,  physostigmine,  suppresses  responding 
maintained  by  schedules  of  reinforcement  in  a 
variety  of  species,  including  mice  (Wenger,  1979), 
rats  (Rosecrans  and  Domino,  1974)  and  pigeons 


1  In  conducting  the  research  described  in  this  report,  the 
investigator  adheres  to  the  ‘Guide  for  the  Care  and  Use  of 
Laboratory  Animals’,  as  promulgated  by  the  Committee  on 
Care  and  Use  of  Laboratory  Animals  of  the  Institute  of 
Laboratory  Animal  Resources,  National  Research  Council. 
The  views  of  the  author  do  not  purport  to  reflect  the  position 
of  the  Department  of  the  Army  or  the  Department  of 
Defense  Ipara  4-3,  AR  360-5). 

Correspondence  to:  R.F.  Genovese.  Department  of  Medical 
Neurosciences.  Division  of  Neuropsychiatry.  Walter  Reed 
Army  Institute  of  Research.  Washington.  DC  20307-5100. 
U.S.A. 


(Vaillant,  1964).  It  has  also  been  established  that 
chronic  administration  of  physostigmine  results  in 
tolerance  to  many  of  its  effects  (Costa  et  al..  1982) 
including  effects  on  schedule-controlled  behavior 
(Genovese  et  al..  1988c;  Overstreet  and  Dubas. 
1978).  Although  the  mechanisms  of  tolerance  to 
physostigmine's  effects  are  not  yet  clearly  under¬ 
stood.  previous  research  has  demonstrated  that 
tolerance  to  physostigmine's  effects  is  not  accom¬ 
panied  by  changes  in  blood  (Elsmore  et  al..  1987) 
or  brain  (Maayani  et  al.,  1977;  Simpson,  1974) 
acetylcholinesterase  activity.  Additionally,  chronic 
administration  of  physostigmine  may  (Loullis  et 
al..  1981).  but  does  not  necessarily  (Pinchasi  et  al.. 
1977),  produce  a  reduction  in  muscarinic 
acetylcholine  binding  sites,  depending  upon  the 
degree  of  physostigmine  administration.  Similarly, 
physostigmine-tolerant  rats  may.  but  do  not  nec¬ 
essarily.  show  a  decreased  sensitivity  to  the 
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acetylcholine  agonist  oxotremorine,  depending 
upon  the  amount  and/or  schedule  of  chronic 
physostigmine  administration  (Genovese  et  al., 
1988a).  The  occurrence  of  tolerance  to  physos- 
tigmine’s  effects  on  schedule-controlled  behavior 
depends,  in  part,  on  the  schedule  requirement,  but 
does  not  depend  on  pre-session  administration 
(Genovese  et  al„  1988b).  Thus,  it  is  plausible  that 
behavioral  compensation  (i.e.  learning),  in  con¬ 
trast  to  decreases  in  pharmacological  activity,  con¬ 
tributes  substantially  to  tolerance  to  physostig- 
mine’s  effects. 

Previous  studies  have  demonstrated  that  the 
effects  of  physostigmine  on  schedule-controlled 
behavior  can  be  attenuated  by  the  administration 
of  acetylcholine  antagonists  (Genovese  et  al., 
1988c;  Wenger,  1979;  Vaillant,  1967).  Acetylcho¬ 
line  antagonists,  however,  produce  substantial  ef¬ 
fects  on  behavior  when  administered  alone  (Mc- 
Master  and  Carney,  1986;  Williams  and  White, 
1984;  Moerschbaecher  et  al.,  1979).  Depending 
upon  the  point  of  view,  physostigmine  can  also 
attenuate  the  effects  of  acetylcholine  antagonists. 
For  example,  Genovese  et  al.  (1988c)  found  that 
certain  doses  of  physostigmine  and  scopolamine, 
administered  separately,  produced  substantial 
decreases  in  the  rate  of  responding  of  rats  under  a 
multiple  VI  schedule  of  food  presentation,  whereas 
the  combination  of  the  two  drugs  had  no  effect  on 
response  rate. 

The  primary  purpose  of  the  present  study  was 
to  determine  whether  the  effectiveness  of  physos¬ 
tigmine  for  attenuating  the  effects  of  acetylcholine 
antagonists  would  change  as  tolerance  to  physos- 
tigmine’s  effects  developed.  If  tolerance  to 
physostigmine’s  effects  is  largely  the  result  of  be¬ 
havioral  compensation,  then  it  is  hypothesized 
that  no  change  in  the  efficacy  of  physostigmine 
for  attenuating  the  effects  of  acetylcholine 
antagonists  would  be  observed.  If,  on  the  other 
hand,  tolerance  to  physostigmine’s  effects  is 
accompanied  by  a  decrease  in  pharmacological 
activity,  a  proportional  decrease  in  efficacy  for 
attenuating  the  effects  of  acetylcholine  antagonists 
would  be  expected. 

A  second  purpose  of  the  present  study  was  to 
assess  and  compare  the  effects  of  three  acetylcho¬ 
line  antagonists,  scopolamine,  trihexyphenidyl  and 


azaprophen.  Azaprophen  is  a  novel,  conforma- 
tionally  restricted  analog  of  the  acetylcholine 
antagonist  atropine.  The  anticholinergic  character¬ 
istics  of  azaprophen  have  been  investigated  in  a 
number  of  in  vitro  preparations  (Caroll  et  al., 
1979)  and  have  been  shown  to  decrease  respond¬ 
ing  under  schedules  of  reinforcement  in  rats 
(Witkin  et  al„  1987)  and  rhesus  monkeys 
(Genovese  and  Elsmore,  1989).  Azaprophen’s 
novel  pharmacological  profile  suggests  that  it  may 
have  unique  anticholinergic  properties.  Scopola¬ 
mine  is  a  classical  acetylcholine  antagonist  and 
has  been  shown  to  decrease  responding  main¬ 
tained  by  schedules  of  reinforcement  in  rats 
(Genovese  et  al.,  1988c;  McKim,  1979;  Wenger. 
1979). 

Trihexyphenidyl  is  an  acetylcholine  antagonist 
used  clinically  in  the  treatment  of  dystonia,  such 
as  the  extra-pyramidal  effects  produced  by  the 
administration  of  antipsychotic  agents  (Lang, 
1986;  Fahn,  1983;  Burke  and  Fahn,  1983).  It  is 
distinguished  from  scopolamine  and  other 
acetylcholine  antagonists  in  that  it  has  been  re¬ 
ported  to  have  euphorigenic  effects  and  consider¬ 
able  abuse  liability  (Goggin  and  Solomon.  1979; 
Pakes  and  Brotman,  1978;  Jellinek.  1977). 

2.  Materials  and  methods 

2.1.  Animals 

Twenty-four  adult  male  Sprague- Dawley  rats 
(Hilltop,  Scottdale,  PA)  were  used.  Rats  were  indi¬ 
vidually  housed  in  a  temperature  controlled  en¬ 
vironment  under  a  12  h  light-dark  cycle.  Water 
was  available  in  the  home  cages  throughout  the 
experiment.  Initially,  rats  were  allowed  unlimited 
access  to  food  (Purina  Rat  Chow)  until  their  body 
weights  reached  approximately  320  g.  Thereafter, 
body  weights  were  maintained  at  320  g  by  supple¬ 
mental  feeding  occurring  several  hours  after  ses¬ 
sions  were  conducted.  Rats  had  no  prior  experi¬ 
mental  or  pharmacological  experience. 

2.2.  Apparatus 

Experimental  sessions  were  conducted  in  12 
standard  rodent  operant  conditioning  chambers 
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(model  No.  E-10-10;  Coulbourn  Instruments, 
Lehigh  Valley,  PA)  housed  in  ventilated,  light- 
and  sound-attenuating  cubicles.  One  wall  of  the 
chambers  contained  two  response  levers  and  a 
food  trough  that  could  be  illuminated  and  was 
attached  to  a  food  dispenser  capable  of  delivering 
45  mg  food  pellets  (Bioserve,  Frenchtown,  NJ). 
Two  stimulus  lights  were  mounted  above  each 
response  lever.  Pressing  a  lever  with  a  downward 
force  of  at  least  0.3  N  was  considered  a  response. 
Experimental  events  were  controlled  and  moni¬ 
tored  by  a  PDP-11/73  computer  using  the  SK.ED- 
11  software  system  (State  Systems,  Kalamazoo. 
Ml). 


2.3.  Behavioral  procedure 

Initially,  rats  were  trained  to  lever-press  for 
food  pellets  under  a  CRF  schedule  of  rein¬ 
forcement.  Although  two  levers  were  present  in 
each  chamber,  only  one  lever  produced  rein¬ 
forcement  and  the  position  of  the  active  lever 
(either  left  or  right)  was  balanced  such  that  in  six 
chambers  the  left  lever  was  active  and  in  the  other 
six  chambers  the  right  lever  was  active.  When 
lever-pressing  was  maintained  by  food  presenta¬ 
tion,  rats  were  trained  to  lever-press  under  a  VI  18 
s  schedule  of  food  reinforcement.  Interval  values 
for  the  VI  18  s  schedules  were  chosen  randomly 
(without  replacement)  from  distributions  gener¬ 
ated  according  to  the  procedure  developed  by 
Fleshier  and  Hoffman  (1962)  and  the  range  of 
values  was  0.77-62.73  s.  Sessions  lasted  for  30  min 
and  were  conducted  at  approximately  the  same 
time  each  day.  During  training  and  initial  dose-ef¬ 
fect  determinations,  sessions  were  conducted  daily, 
Monday-Friday.  During  and  after  chronic 
physostigmine  administration,  sessions  were 
conducted  every  day.  After  approximately  21 
sessions  under  the  VI  18  s  schedule  of  rein¬ 
forcement,  performance  appeared  stable  and  the 
rats  were  assigned  to  three  groups  of  eight.  Groups 
were  matched  on  the  basis  of  rates  of  responding 
with  the  restriction  that  each  group  was  balanced 
with  respect  to  the  position  of  the  active  response 
lever. 


.4.  Drugs 

Azaprophen  hydrochloride  (0.3-10.0  mg/kg), 
physostigmine  salicylate  (0.4  mg/kg),  scopolamine 
Itydrobromide  (0.01-3.0  mg/kg)  and  tri¬ 
hexyphenidyl  hydrochloride  (0.3-10.0  mg/kg) 
(United  States  Army  Medical  Research  Institute 
of  Chemical  Defense.  Aberdeen.  MD)  were 
dissolved  in  0.9%  saline.  All  injections  were  ad¬ 
ministered  s.c.  in  a  volume  of  1.0  ml/kg  body 
weight.  Drug  solutions  were  prepared  on  the  day 
of  injection  and  all  doses  are  expressed  as  the  salt 
form. 

2. 5.  Pharmacological  procedure 

With  the  exception  of  chronic  physostigmine 
administration,  injections  were  administered  on 
Tuesdays  and  Fridays.  During  dose-effect  de¬ 
terminations,  before  chronic  physostigmine  ad¬ 
ministration,  data  from  Thursday's  sessions  were 
treated  as  non-injection  controls.  Each  antagonist 
was  studied  in  a  single  group  (n  =  8).  The  order  of 
drug  injections  for  each  group  was  antagonist  and 
then  antagonist  plus  0.4  mg/kg  physostigmine. 
Additionally.  0.4  mg/kg  physostigmine  was  ad¬ 
ministered  repeatedly  during  dose-effect  de¬ 
terminations.  Doses  of  the  antagonists  were  ad¬ 
ministered  in  a  mixed  order.  After  dose-effect 
functions  for  the  antagonists  and  the  antagonists 
in  combination  with  physostigmine  were  de¬ 
termined,  0.4  mg/kg  physostigmine  was  adminis¬ 
tered  daily  for  43  consecutive  days.  Following 
these  sessions,  selected  doses  of  the  antagonists 
were  again  examined,  alone  and  in  combination 
with  physostigmine.  During  this  phase  of  experi¬ 
mentation,  physostigmine  was  administered  every 
day  except  when  an  antagonist  alone  was  ex¬ 
amined.  The  dose  of  physostigmine  was  chosen  on 
the  basis  of  pilot  work  and  previous  research  in 
our  laboratories  demonstrating  that  0.4  mg/kg 
physostigmine  produces  a  substantial  degree  of 
response  suppression  on  schedule-controlled  be¬ 
havior  in  rats  (Genovese  et  al„  1988a,c).  Physos¬ 
tigmine  was  always  administered  10  min  before 
the  start  of  the  sessions  and  the  antagonists  were 
administered  40  min  before  the  start  of  sessions. 
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2.6.  Data  analysis 

When  a  response  or  an  experimental  event  oc- 
curred.  the  elapsed  time  during  the  session  was 
recorded.  From  these  data  the  rate  of  responding 


during  each  session  was  calculated.  To  take  into 
account  individual  variability,  response  rates  were 
also  calculated  as  a  percentage  of  response  rates 
during  non-injection  control  sessions.  Cumulative 
response  records  were  also  generated  for  each 


ANTAGONIST  ALONE 


Fig.  I.  Effects  of  azaprophen  (top),  scopolamine  (center)  and  trihexyphenidyl  (bottom),  K.ore  (squares)  and  after  (triangles)  chronic 
physosligmine  administration,  in  eight  rats  under  a  variable  interval  18  s  schedule  of  food  presentation.  Ordinates:  response  iate  as  a 
percentage  of  control.  Abscissas:  drug  dosage  in  mg/kg.  Points  above  C  represent  ihe  mean  of  six  non-injection  control  sessions. 
Points  above  P  represent  the  non-injection  control  session  immediately  following  the  final  (post-chronic  phvsostigmine)  antagonist 
administration.  Other  points  represent  the  mean  of  single  determinations  from  eight  rats.  Vertical  lines  about  the  points 

represent  ±  S.F.M. 
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session.  In  order  to  assess  differences  in  the  effects 
of  the  antagonists  before  and  after  chronic 
physostigmine,  two-factor  (dose  X  time)  repeated 
measures  ANOVA.  using  the  normalized  rates  of 
responding,  were  performed  for  each  group. 


(3.  Results 

Responding  under  the  VI  18  s  schedule  of 
'  reinforcement  was  characterized  by  a  relatively 
constant  response  rate  throughout  the  entire 


ANTAGONIST  +  PHYSOSTIGMINE  (0.4  mg/kg) 
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Fig.  2.  Effects  of  azaprophen  (top),  scopolamine  (center)  and  trihexyphenidyl  (bottom),  in  combination  with  0.4  mg/kg  physostig¬ 
mine,  before  (squares)  and  after  (triangles)  chronic  physostigmine  administration,  in  eight  rats  under  a  variable  interval  Ik  s  schedule 
of  food  presentation.  Ordinates:  response  rate  as  a  percentage  of  control.  Abscissas:  drug  dosage  in  mg/kg.  Points  above  C  represent 
the  mean  of  six  non-injection  control  sessions  from  eight  rats.  Points  above  P  represent  (he  non-injection  control  session  immediately 
following  the  final  (post-chronic  physostigmine)  antagonist  administration.  Other  points  represent  the  mean  of  single  determinations 

from  eight  rats.  Vertical  lines  about  the  points  represent  ±  S.F..M. 
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CHRONIC  PHYSOfTIGMINE  (0.4  mg/kg) 


Fig.  3.  Effects  of  chronic  daily  administration  of  physostigmine  (0.4  mg/kg)  in  rats  under  a  variable  interval  18  s  schedule  of  fi>od 
presentation.  Ordinate:  response  rate  as  a  percentage  of  control.  Abscissa:  consecutive  daily  sessions.  Each  point  represents  the  mean 

of  24  rats. 


session.  The  mean  and  S.E.M.  rate  of  responding 
( responses/mi n)  observed  during  non-injection 
control  sessions  during  the  initial  dose-effect  de¬ 
terminations  for  the  antagonists  were  as  follows: 
azaprophen,  90.1  ±  3.4;  scopolamine.  74.3  ±  2.8; 
trihexyphenidyl.  77.9  ±  2.9.  The  mean  and  S.E.M. 
rate  of  responding  for  three  non-injection  control 
sessions  following  the  initial  dose-effect  de¬ 
terminations  for  the  antagonists  and  immediately 
preceding  chronic  physostigmine  administrations 
were  as  follows:  azaprophen.  100.4  ±  6.4: 
scopolamine,  75.9  ±  4.7;  trihexyphenidyl,  82.9  + 
5.2.  Non-injected  control  response  rates  following 
all  drug  administrations  were  similar  to  those  ob¬ 
served  during  initial  dose-effect  determinations  for 
the  antagonists  and  before  chronic  administration 
of  physostigmine  (see  figs.  1  and  2),  demonstrating 
that  pharmacological  treatments  did  not  perma¬ 
nently  alter  the  response  rate  baseline. 

When  administered  alone,  scopolamine,  tri¬ 
hexyphenidyl  and  azaprophen  produced  dose-de- 
pendent  decreases  in  the  rate  of  responding  (fig. 
1 ).  The  largest  doses  of  each  antagonist  adminis¬ 
tered  produced  maximal  or  nearly  maximal  de¬ 
creases  in  response  rate  in  all  rats.  In  this  respect. 


scopolamine  was  more  potent  than  trihexypheni¬ 
dyl,  which  was  approximately  equipotent  to 
azaprophen.  Physostigmine  (0.4  mg/kg)  adminis¬ 
tered  during  initial  dose-effect  determinations  (i.e. 
before  chronic  physostigmine  administration),  re¬ 
liably  produced  substantial  decreases  in  the  re¬ 
sponse  rates  of  all  rats  (fig.  2).  All  three  antagonists 
produced  a  dose-dependent  attenuation  of 
physostigmine’s  response-rate-decreasing  effects. 
That  is.  small  doses  failed  to  attenuate  phvsos- 
tigmine's  effects  and  larger  doses  produced  a  com¬ 
plete  or  nearly  complete  antagonism  of  physos¬ 
tigmine’s  effects.  In  the  case  of  scopolamine,  large 
doses  administered  in  combination  with  physos¬ 
tigmine  produced  response  suppression  compara¬ 
ble  to  that  observed  when  physostigmine  was  ad¬ 
ministered  alone. 

Partial  tolerance  to  physostigmine’s  response 
rate-decreasing  effects  occurred  with  repeated 
daily  administration  (fig.  3).  For  example,  follow¬ 
ing  43  consecutive  daily  administrations,  the  aver¬ 
age  rate  of  responding  for  each  group  was  ap¬ 
proximately  65-85%  of  control  values,  whereas 
after  the  first  administration  (during  the  chronic 
administration  phase)  the  rate  of  responding  was 
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less  than  20%  of  control  values  for  each  group. 
The  difference  in  response  rate  between  day  1  and 
day  43,  during  chronic  physostigmine  administra¬ 
tion.  was  statistically  significant  for  all  three 
groups  (t-tests,  P<0.05).  When  the  antagonists 
were  examined  after  chronic  physostigmine  ad¬ 
ministration.  their  effects  when  administered  alone 
and  in  combination  with  0.4  mg/kg  physostig¬ 
mine  were  generally  unchanged  (figs.  1  and  2). 
Analyses  of  variance  comparing  the  effects  of  each 
antagonist  before  and  after  chronic  physostigmine 
revealed  no  significant  differences  for  time,  when 
the  antagonists  were  administered  alone  (azapro- 
phen.  F(l,28)  =  0.1,  P>0.1;  scopolamine,  F(1 ,28) 
=  2.5,  P  >  0.1;  trihexyphenidyl,  F(1 ,28)  =  4.0,  P  > 
0.05).  or  in  combination  with  physostigmine 
(azaprophen,  F(l,28)  =  0.6,  P>0.1;  scopolamine, 
F(l,28)  =  0.6,  P>0.1;  trihexyphenidyl,  F(l,28)  = 
0.1.  P>  0.1). 


4.  Discussion 

The  muscarinic  acetylcholine  antagonists 
azaprophen,  scopolamine  and  trihexyphenidyl 
produced  dose-dependent  decreases  in  the  rate  of 
responding  of  rats  under  a  VI  18  s  schedule  of 
food  presentation.  These  results  are  in  agreement 
with  and  extend  previous  studies  demonstrating 
response  suppression  effects  of  acetylcholine 
antagonists  (Genovese  et  al„  1988c;  Wenger,  1979; 
Vaillant,  1967).  Azaprophen,  scopolamine  and  tri¬ 
hexyphenidyl  attenuated  physostigmine- induced 
response  suppression  in  a  dose-dependent  fashion. 
These  results  are  also  in  agreement  with  previous 
studies  that  examined  the  effects  of  physostigmine 
in  combination  with  acetylcholine  antagonists 
(Genovese  c?  al.,  1988c;  Vaillant,  1967). 
Scopolamine  was  considerably  more  potent  than 
either  azaprophen  or  trihexyphenidyl,  whether  ad¬ 
ministered  alone  or  in  combination  with  physos¬ 
tigmine.  In  general,  no  qualitative  differences  in 
effect  were  observed  between  any  of  the 
antagonists.  Since  all  three  antagonists  have  some¬ 
what  different  pharmacological  profiles,  it  is 
surprising  that  no  difference  in  efficacy  for  at¬ 
tenuating  physostigmine’s  effects  was  observed. 

Initially,  physostigmine  produced  a  marked  de¬ 


creased  in  the  rate  of  responding  under  the  VI  18  s 
schedule  of  reinforcement.  With  repeated  daily 
administration,  partial  tolerance  developed  to 
physostigmine's  effects.  These  results  are  in  agree¬ 
ment  with  previous  studies  demonstrating  toler¬ 
ance  to  physostigmine's  effects  on  schedule-con- 
trolled  behavior  (Galbicka  et  al.,  1989;  Genovese 
et  al.,  1988a, b). 

When  administered  alone,  the  effects  of 
azaprophen,  scopolamine  and  trihexyphenidyl,  on 
response  rate  were  not  significantly  different  be¬ 
fore  and  after  chronic  administration  of  physos¬ 
tigmine.  In  contrast,  previous  studies  have  shown 
that  chronic  administration  of  the  organophos- 
phorus  cholinesterase  inhibitor,  diisopro- 
pylfluorophosphate,  increases  sensitivity  to  the  be¬ 
havioral  effects  of  acetylcholine  antagonists  like 
atropine  (Overstreet  et  al..  1974;  Russell  et  al.. 
1971).  Previous  studies  have  also  demonstrated 
that  chronic  administration  of  long-acting 
cholinesterase  inhibitors,  like  DFP.  reduce  the 
number  of  muscarinic  acetylcholine  binding  sites. 
Further,  a  reduction  in  muscarinic  binding  sites  is 
believed  to  be  a  major  factor  mediating  tolerance 
to  the  anticholinesterase  agents  (see  Russell  and 
Overstreet.  1987).  Since  sensitivity  to  the 
acetylcholine  antagonists  was  not  significantly 
changed  following  chronic  administration  of 
physostigmine  in  the  present  study,  it  is  unlikely 
that  a  reduction  in  the  number  or  activity  of 
muscarinic  receptors  mediated  tolerance  to 
physostigmine. 

When  administered  in  combination  with 
physostigmine,  the  effects  of  all  three  antagonists 
on  response  rate  were  not  significantly  different 
before  and  after  chronic  administration  of 
physostigmine.  Specifically,  the  efficacy  of 
physostigmine  for  attenuating  the  response  rate- 
decreasing  effects  of  the  antagonists  was  not 
reduced  even  though  tolerance  to  physostigmine's 
response  rate-decreasing  effects  was  observed.  In 
this  respect,  the  pharmacological  activity  of 
physostigmine  was  unchanged  by  chronic  adminis¬ 
tration.  This  result  is  consistent  with  previous 
studies  demonstrating  that  blood  (Hlsmore  et  al.. 
1987)  and  brain  (Maayani  et  al.,  1977;  Simpson. 
1974)  acetylcholinesterase  activity  does  not  corre¬ 
late  with  changes  in  the  behavioral  effects  of 
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physostigmine  during  chronic  administration  regi-f 
mens.  Although  muscarinic  receptor  activity  was 
not  specifically  measured,  this  result  also  suggests 
that  it  is  unlikely  that  chronic  administration  of 
physostigmine  produced  down  regulation  ol 
muscarinic  receptors.  Taken  together,  these  results 
suggest  that  the  tolerance  to  physostigmine’s  re¬ 
sponse  suppression  effects,  observed  in  the  present 
study,  was  mediated  by  behavioral  compensation 
rather  than  a  reduction  in  pharmacological  activ¬ 
ity.  These  results  complement  previous  studies 
suggesting  that  behavioral  compensation  can  pro¬ 
duce  tolerance  to  physostigmine’s  effects 
(Genovese  et  al„  1988a,b).  It  is  notable,  however, 
that  multiple  processes  are  probably  involved  in 
the  development  of  tolerance  to  physostigmine’s 
effects,  depending  upon  a  number  a  pharmaco¬ 
logical  and  environmental  variables.  Behavioral 
compensation  may  only  be  one  of  a  number  of 
processes  producing  tolerance  to  physostigmine’s 
effects. 
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